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Introduction
In RAN#97, work item in RP-222675 has been approved and in RAN1#110b-e the following agreements were made:
	Agreement 
For a cell supporting both Rel-17 and Rel-18 RedCap UEs,
· The Rel-18 RedCap UEs can share the same separate initial DL/UL BWP as the Rel-17 RedCap UEs.
· FFS: whether to support an additional separate initial DL/UL BWP specific to Rel-18 RedCap UEs
Agreement
For UE BB bandwidth reduction, for paging channel (PDSCH) to Rel-18 RedCap UEs, down-select between the following options:
· Option 1: Restrict the scheduling of paging channel to be within 5 MHz
· Option 2: Allow the scheduling of paging channel to be larger than 5 MHz (as in legacy operation)
· FFS: whether 5MHz is assumed to be physically contiguous
Agreement
· UE peak data rate reduction is supported at least as an add-on to UE BB bandwidth reduction,
· The constraint vLayers·Qm·f ≥ 4 is relaxed to vLayers·Qm·f ≥ X.
· FFS: the value of X 
· If UE peak data rate reduction is supported as a standalone feature,
· The constraint vLayers·Qm·f ≥ 4 is relaxed to vLayers·Qm·f ≥ Y.
· FFS: the value of Y
· Note: Whether this option is supported will be decided in RAN plenary.
Agreement
Replace the agreement on the maximum number of PRBs supported by UE with the following:
For UE BB bandwidth reduction, for PUSCH, down-select between the following options for the maximum number of PRBs that the UE can transmit per slot or per hop, if applicable:
· Option 1: 28 PRBs for 15 kHz SCS and 14 PRBs for 30 kHz SCS
· Option 2: 27 PRBs for 15 kHz SCS and 13 PRBs for 30 kHz SCS
· Option 3: 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS
· Option 4: 25 PRBs for 15 kHz SCS and 11 PRBs for 30 kHz SCS
 
For UE BB bandwidth reduction, for PDSCH (at least for unicast), down-select between the following options for the maximum number of PRBs that the UE can process per slot:
· Option 1: 28 PRBs for 15 kHz SCS and 14 PRBs for 30 kHz SCS
· Option 2: 27 PRBs for 15 kHz SCS and 13 PRBs for 30 kHz SCS
· Option 3: 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS
· Option 4: 25 PRBs for 15 kHz SCS and 11 PRBs for 30 kHz SCS
 
Same option will be selected for both PDSCH (at least for unicast) and PUSCH.
Agreement 
Replace the agreement on SIB1(PDSCH) for UE BB bandwidth reduction with the following:
For UE BB bandwidth reduction, for SIB1 (PDSCH),
· Allow the scheduling of SIB1 to be larger than 5 MHz (as in legacy operation)
· FFS: UE post-FFT buffering “assumption”
Agreement 
For UE BB bandwidth reduction, a UE is not expected to receive an UL grant in a DCI with a PUSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot or per hop, if applicable.
Agreement
Replace the agreement on broadcast OSI (PDSCH) for UE BB bandwidth reduction with the following:
For UE BB bandwidth reduction, for broadcast OSI (PDSCH),
· Allow the scheduling of broadcast OSI (PDSCH) to be larger than 5 MHz (as in legacy operation)
  Agreement
· For UE BB bandwidth reduction, a UE is not expected to be configured with a CG grant with a PUSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot or per hop, if applicable.
· For UE BB bandwidth reduction, it is FFS whether a UE can be expected to receive an UL grant in a RAR with a Msg3 PUSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot or per hop, if applicable.




Discussion
Peak rate reduction as add-on to BW reduction
WID states that R18 RedCap should target 10Mbits peak-rates. However, it does not specify whether RedCap with 1 or 2Rx is to be assumed. In our option, it should be 2Rx RedCap, because 2Rx is required by some operators/carriers and becomes a baseline. Moreover HD-FDD is the optional capability for RedCap, not part of basic feature FG28-1. Therefore, FD-FDD should be assumed. 
Observation-1: WID does not specify for which RedCap configuration the 10Mbits target rate applies. 
Proposal-1: 10Mbits target peak-rate should be a target for a R18 RedCap FD-FDD 2Rx UE in DL. 
When following TS38.306, the approximate peak rate for R18 RedCap FD-FDD 2Rx DL with X=1,6 results to 10,2Mbits. Here, assuming that Nominal number of PRBs for BW reduction is 25/11 is used in DL, as instructed by TS.
Proposal-2: X=1,6 and is determined based on 25/11PRB BW reduction assuming R18 RedCap FD-FDD 2Rx in DL.
PDCCH processing relaxation
When PDSCH BW is reduced to 5MHz it has been observed that PDSCH processing blocks in BW3 are reduced to 2.58% points, while DL control processing block is reduced only to 4.52% points, as shown in Table 1. We understand that reducing the complexity of DL control processing (e.g. number of CCEs and/or number of blind decodes) may have considerable impact on blocking probability, however, if coexistence nor coverage is impacted, blocking probability can be tackled by configuring a dedicated CORESET for the R18 RedCap UE.

Table 1 Reduction of PDCCH and PDSHC processing
	
	R15
	R17 RedCap
	R18 BW1
	R18 BW2
	R18 BW3

	BB: Receiver processing block
	24%
	4.42%
	2.00%
	1.86%
	2.07%

	BB: LDPC decoding
	10%
	1.29%
	0.51%
	0.50%
	0.51%

	BB: DL control processing & decoder
	5%
	4.73%
	3.98%
	3.95%
	4.52%



Maintaining coverage and avoiding coexistence issues

The largest CORESET#0 of 3symbols and 96RB has 48CCEs, however, when TYPE0 CSS is mapped the following physical CCEs are occupied. Where “1” corresponds to a physical CCE of PDCCH candidate #1, “2” to CCE of PDCCH candidate #2, and so on.

AL4
[1, 1, 0, 0, 0, 0, 2, 2, 0, 0, 0, 0, 3, 3, 0, 0, 0, 0, 4, 4, 0, 0, 0, 0, 1, 1, 0, 0, 0, 0, 2, 2, 0, 0, 0, 0, 3, 3, 0, 0, 0, 0, 4, 4, 0, 0, 0, 0]  
AL8
[1, 1, 1, 1, 0, 0, 0, 0, 0, 0, 0, 0, 2, 2, 2, 2, 0, 0, 0, 0, 0, 0, 0, 0, 1, 1, 1, 1, 0, 0, 0, 0, 0, 0, 0, 0, 2, 2, 2, 2, 0, 0, 0, 0, 0, 0, 0, 0]  
AL16
[1, 1, 1, 1, 1, 1, 1, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 1, 1, 1, 1, 1, 1, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0]


As one can see from above, 20CCEs are not used, this resulting in 28 used CCEs, and overall, 7 PDCCH candidates to monitor. Similar applies to other search-spaces, for which number of candidates is the same as for TYPE0 or smaller, such as for PEI.

	For a DL BWP, if a UE is not provided searchSpaceOtherSystemInformation for Type0A-PDCCH CSS set, the UE does not monitor PDCCH for Type0A-PDCCH CSS set on the DL BWP. The CCE aggregation levels and the number of PDCCH candidates per CCE aggregation level for Type0A-PDCCH CSS set are given in Table 10.1-1.
For a DL BWP, if a UE is not provided ra-SearchSpace for Type1-PDCCH CSS set, the UE does not monitor PDCCH for Type1-PDCCH CSS set on the DL BWP. If the UE has not been provided a Type3-PDCCH CSS set, or a Type1A-PDCCH CSS set, or a USS set and the UE has received a C-RNTI and has been provided a Type1-PDCCH CSS set, the UE monitors PDCCH candidates for DCI format 0_0 and DCI format 1_0 with CRC scrambled by the C-RNTI in the Type1-PDCCH CSS set. 
If a UE is not provided pagingSearchSpace for Type2-PDCCH CSS set, the UE does not monitor PDCCH for Type2-PDCCH CSS set on the DL BWP. The CCE aggregation levels and the number of PDCCH candidates per CCE aggregation level for Type2-PDCCH CSS set are given in Table 10.1-1.
If a UE is not provided peiSearchSpace for Type2A-PDCCH CSS set, the UE does not monitor PDCCH for Type2A-PDCCH CSS set on the DL BWP. The CCE aggregation levels and the maximum number of PDCCH candidates per CCE aggregation level for Type2A-PDCCH CSS set are given in Table 10.1-1. If the UE is provided peiSearchSpace with zero value for the Type2A-PDCCH CSS set index, and for the SS/PBCH block and CORESET multiplexing patterns 2 and 3, the UE determines PDCCH monitoring occasions as described in clause 13.




It is understood that commonCORESET can be configured as well for a RedCap UE within BW of CORESET#0, this potentially increasing the number of CCEs from 28 to 56. However, UE typically monitors only one of SIB1, OSI, paging, or RAR SS-sets at a given time. SIB1 and OSI upon re-selection, paging in PO, RAR during RACH procedure.

	commonControlResourceSet
An additional common control resource set which may be configured and used for any common or UE-specific search space. If the network configures this field, it uses a ControlResourceSetId other than 0 for this ControlResourceSet. the network configures the commonControlResourceSet in SIB1 so that it is contained in the bandwidth of CORESET#0.




Therefore, if monitoring for R18 RedCap is limited to only one SS at given time, PDCCH processing limits could be reduced to half, without causing impact to coexistence or reducing coverage. 
Proposal-3: Reduce BD/CCE limits for R18 Redcap UEs to half, i.e. 28CCE + 22BD per 15kHz slot, 18BDs per 30kHz SCS
· a R18 RedCap UE monitors only one common SS per slot

BW reduction design 
It remains open how to define scheduling restrictions for RedCap. Until now the following has been agreed:
	Channel
	SIB1 + OSI
	Paging
	RAR
	MSG3
	C-RNTI
PDSCH
	C-RNTI
PUSCH

	Status
	20MHz
	FFS
	FFS
	FFS
	FFS
	5MHz



SIB1 + OSI
In RAN1#110b-e we agreed that PDSCH can be scheduled to be 20MHz, but we did not conclude on how BW limited UE will be able to cope with such a situation. In our opinion, there are two possible implementations:
· TYPE-1 UE buffers 20MHz BW within 14 symbols. 
· Pros: Processing time for PDSCH increases from 1 slot to 5 slots. This means that SIB1 acquisition time is not significantly impacted. As consequence power consumption during initial cell search and cell-reselection is not significantly impacted. 
· Cons: Cost of post-FFT buffer is not reduced, and remains 1%. 
· TYPE-2 UE makes use of SIB1 PDSCH re-transmission, but has limited post-FFT buffer
· Pros: Post FFT-buffer can be reduced from 1% to 0.625%, where we assume that UE decodes PDSCH by 7th symbol and in the remaining half-slot it may need to buffer only 1/4th of PRBs.  
· Cons: If number of SIB1 PDSCH repetitions required by UE to receive SIB1 PDSCH increases from 1 to 4, the modem active time required for cell-selection/reselection will increase 4fold. As consequence, power consumption increases and mobility performance decreases.

When checking RAN4 performance requirements in 38.101-4, to our knowledge no 3GPP test-case checks the SIB1 reception performance directly. However, some carriers/operators may check whether UE is capable to receive SIB1 within a given time interval. In our opinion, chipset manufacture may select either of above, as soon as, is able to pass those TCs. In our opinion, there should not be any specification impact, but in case some is discovered, it would be better to take the following as working assumption
Proposal-4: Agree as WA: 
· It is up to UE implementation how to receive 20MHz PDSCH for SIB1/OSI. There is no specification impact expected. 
Paging
Paging is not a broadcast, per-se, this because 5GC may be informed by gNB about particular UE capabilities. Similarly, as paging for band-limited LPWA UEs is handled in LTE eNB differently than for eMBB UEs.
However, gNB may want to transmit a single PDSCH to UE in the same paging group, which may comprise multiple UEs, of which some are RedCap and other non-RedCap. 
On one hand, if gNB knows that at least one UE paged in the group is RedCap, it may want to schedule PDSCH in 5MHz. On the other hand, there are no processing timelines, for sending NPRACH after paging, and if are, could be relaxed by 5ms without any issue. Therefore, TYPE-1 UE would not have any issue with 20MHz paging. Contrary, TYPE-2 UE would have clear issue, this because paging repetitions are not supported.
We see two ways forward:
· Option 1: gNB selects paging BW based on whether paged group contain R18 RedCap or not
· Option 2: paging is 20MHz, but only TYPE-1 UE implementation is allowed.
RAR and MSG3
We think that the simplest solution at hand would be gNB configuring MSG1 early identification. Otherwise, if TYPE-1 UE should receive MSG2 without scheduling restriction, some relaxation to initial access timelines N1+N2+0.5ms would be needed, this because MSG3 here acts like implicit HARQ-ACK and strict timeline is specified in RAN1. Alternatively, for TYPE-1 UE, processing timeline could be relaxed, and K2 offset could be defined. This resulting in R18 Redcap UEs and other UEs transmitting MSG3 in different locations, which would have impact to gNB scheduling.  We could be fine, with this solution as well.
Proposal-5: As first preference, RAR and MSG3 are expected to be confined within 5MHz. As a consequence, gNB would need to configure early identification in MSG1.
Scheduling restriction design
For scheduling restriction design, consider that DCI format sizes are the same as for R17 RedCap, because those are determined from initial BWP or CORESET#0 size. Both CORESET#0 as well as initial/separate-initial BW are applicable also for R18 RedCap UEs. We already agreed that SIB1/OSI is scheduled in 20MHz, this defines size of fall-back DCI formats. For non-fall-back DCI formats, optimization could be done, but in our opinion benefit is not worth of specification effort.

Proposal-6: DCI format sizes are the same as for legacy UEs.

It remained open how many PRBs the restriction is. Our preference is to follow the existing nominal BW, 25/11 PRB. This because the complexity reduction is maximized. At the same time, increasing this by 3PRBs will not help to solve issues with broadcast reception. This because the increase in PDSCH capacity is only 12%, this compared to utilization of full 20MHz, where PDSCH capacity is increased by 424%. If PRACH would be limited to 5MHz, it would be worth to increase # of allowed PRB for UL to 12, i.e. Option 3. Otherwise, Option 4 is just fine

Proposal-7: For scheduling restriction of PUSCH and PDSCH, agree on Option 3 or Option 4.

In RAN1#110b-e, it has been debated on whether scheduling restriction is per hop, slot [or symbol]. On one hand, one could argue that processing complexity of DL receiver is dictated by channel estimator, and only number of PRBs matter. However, in NR complexity of channel estimation grows with PDSCH length, as seen in Table 7.4.1.12-3. While for short PDSCH, only front-load DMRS are applicable, with longer PDSCH, UE shall support (and must be prepared) for up to 3 DMRS positions. Time-domain interpolation is increasing the complexity of channel estimation. 
If restriction would be defined in RB-symbol units instead of PRBs, it would enable gNB to schedule type-A 7-symbol unicast PDSCH with 50RBs, while 14-symbol unicast PDSCH with 25RBs. While processing complexity across different PDSCH length could remain roughly constant. In addition, such defined restriction would also cover the hops in UL. 

[image: ]

Proposal-8: Define scheduling restriction for R18 Redcap unicast PDSCH and PUSCH in RB-symbols units instead of PRBs. 
Conclusions 
In this contribution we discussed issues related to further reduced complexity NR UE and we had the following observations and proposals:
Observation-1: WID does not specify for which RedCap configuration the 10Mbits target rate applies. 
Proposal-1: 10Mbits target peak-rate should be a target for a R18 RedCap FD-FDD 2Rx UE in DL. 
Proposal-2: X=1,6 and is determined based on 25/11PRB BW reduction assuming R18 RedCap FD-FDD 2Rx in DL.
Proposal-3: Reduce BD/CCE limits for R18 Redcap UEs to half, i.e. 28CCE + 22BD per 15kHz slot, 18BDs per 30kHz SCS
· a R18 RedCap UE monitors only one common SS per slot

Proposal-4: Agree as WA: 
· It is up to UE implementation how to receive 20MHz PDSCH for SIB1/OSI. There is no specification impact expected.
Proposal-5: As first preference, RAR and MSG3 are expected to be confined within 5MHz. As a consequence, gNB would need to configure early identification in MSG1.
Proposal-6: DCI format sizes are the same as for legacy UEs.

Proposal-7: For scheduling restriction of PUSCH and PDSCH, agree on Option 3 or Option 4.

Proposal-8: Define scheduling restriction for R18 Redcap unicast PDSCH and PUSCH in RB-symbols units instead of PRBs. 
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